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De ripti n 

TECHNICAL FIELD ( . : ' ' 

s [0001 ] The present invention relates to a dark gre n colored glass having low visible light transmittanc , low ultraviolet 
ray transmittance and low solar radiation transmittance, which is suitabl for a sunroof or rear window glass of an 
automobile. 

BACKGROUND ART ' *' ' . : 

10 

[0002] In recent years, along with a trend for high quality of glasses for vehicles, an optimum glass is required for 
each application site. For example, for a rear window glass of an automobile, a glass which has, in a thickness of 5 
mm, a visible light transmittance (illuminant A) of from 25 to 40% and a solar radiation transmittance of from 1 0 to 30% 
is used, and for a sunroof, a glass which has a visible light transmittance (illuminant A) of at most 30% and a solar 

15 radiation transmittance of at most 20%, is frequently used. The properties commonly required for these glasses are 
such that they have low visible light transmittance and low solar radiation transmittance, and preferably low ultraviolet 
ray transmittance, particularly low light transmittance at a wavelength of 370 nm, is desired. 
[0003] Meantime, in recent years, a green colored glasswhich has high visible light transmittance and which at the 
same time has low solar radiation transmittance and low ultraviolet ray transmittance, has been used for a windshield, 

20 and to secure harmony in the color of the vehicle, it is preferred that the rear window glass or the like also has a green 
type color. 

[0004] Most of well known heat absorbing glasses having relatively low visible light transmittance contain nickel. 
However, nickel is not desirable, since it sometimes forms nickel sulfide in glass. Nickel sulfide is almost indistinguish- 
able by naked eyes and presents no adverse effects to glass in a usual state. However, if nickel sulfide is present in 
25 glass after toughening treatment by quenching, the volume will expand due to crystal transformation at room temper- 
ature, and a thermal stress sufficient to break the glass may sometimes be formed. 

[0005] JP-A-2-64038 (which corresponds to U.S. Patent 4,873,206) or JP-A-4-275943 (which corresponds to EP-A- 
482253) discloses a glass which contains no nickel and which has a visible light transmittance of lower than 40%. 
However, the one disclosed in JP-A-2-64038 has a problem that the solar radiation transmittance tends to be high, 

30 since its infrared ray shielding ability is not so high. The one disclosed in JP-A-4-275943 has a large content of iron 
and thus has a practical problem in its production such that it takes time to change the base material. 
[0006] Further, JP-A-6-247740 discloses a glass having visible light transmittance' reduced by replacing a NjO com-' 
poneht by a chromium component. However, this relates to a glass having a relatively long dominant wavelength and 
low excitation purity by an addition of selenium in an amount of at least 1 5 ppm, and it is intended to obtain a neutral 

35 (gray) color i.e. not a green color. " 

[0007] Still further, U.S. Patent 5,411 ,922 discloses a glass having low visible light transmittance which contains at 
least 1 0 ppm of selenium as an essential component in addition to iron, cobalt and titanium. In a glass melting furnace, 
Se is most volatile and an expensive material, and among Se put into the furnace, at least 90% will be discharged out 
of the furnace together with a combustion exhaust gas and will be captured, for example, by an absorbing liquid in an 

40 absorption tower for flue gas desulfurization. The major portion of Se in the liquid will be recovered and utilized as a 
raw material, but in order to carry out treatment to sufficiently reduce Se ions remaining in the liquid after the recovery, 
large amounts of investment for installation and running costs will be required. In Japan, a regulation relating to Se 
concentration in an industrial waste water is expected to'come into force from 1 997. 

[0008] Further, Examples 11 to 13 in U.S. Patent 5,411,922 describe an influence of an addition of titanium "in a 
45 certain specific glass containing iron, cobalt ana" selenium as essential components. 1 According to the description, as 
the titanium content is increased from 0 to 0.63 wt%, the dominant wavelength changes from 484.6 nm to 541 .4 nm, 
and at the same time, the excitation purity decreases from 9.3% to 1 .8%, whereby a neutral (gray) color tends to be 
readily obtainable. ^ . 

[0009] Japanese PCT publication JP-6-503300 (which corresponds to EP-A-536049) discloses that to obtain a heat 
so absorbing glass having a visible light transmittance of less than 40%, iron is added in an amount of at least 1 wt%, or * 
Cr 2 0 3 is added in ah amount o'f at least 0.025 wt%. The same is disclosed in French Patent 2,682,102 which corre- 
sponds to the basic application from which the convention priority is claimed in EP-A-536049. 
[001 0] As mentioned above, addition of iron in an amount of at least 1 wt% may bring about a practical problem such 
that it takes time to change the base material. On the other hand, addition of Cr 2 0 3 in a substantial amount is likely to 
55 lead to formation of a foreign substance due to formation* of a chrbmite. Accordingly, the technique bas d on a com- ' 
bination of iron and chromium only as disclosedin Japanese 1 F*CT publication JP-6 : 5Q3300'is hardly applicable to a 
case where a glass having still lower visible light transmittance is to be'obtained. Furthe'r,' even in a case wh re a glass 
having a visible light transmittance at a level of from 25 to 40% is to be obtained, it is a substantial merit that a lower 
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iron content and a lower chromium content can both be satisfied from a viewpoint such that stable production can 
thereby b made possible. 

[001 1 ] Further, EP-A-653388 discloses a gray glass having at least 50 ppm of NiO and/or at least 9 ppm of Se added. 
[0012] An object f the pres nt inv ntion is to solve the above problems of the prior art and to obtain a glass which 
5 contains no or littl S and has relatively low contents of total iron and chromium in spit of low visible light transmittanc 
and solar radiation transmittance and which exhibits a dark green color. 

[0013] Another object is to obtain a glass which is readily meltable and can be produced by a conventional float glass 
production process and which exhibits a dark green color with the ultraviolet ray transmittance controlled to be sub- 
stantially low. 

w , ... ■ . . 

DISCLOSURE OF THE INVENTION * * 

[0014] . Thepresent invention provides a dark green colored glass. comprising 1 00 parts by weight of a matrix com- 
ponent of soda lime silicate glass, arid, as coloring components, from 0.5 to 2.0 parts by weight of total iron calculated 

is as Fe 2 0 3 , more than 1 .0 to,3.0 parts by weight of total titanium calculated as Ti0 2 , from 0.003 to 0.02 part by weight 
of CoO,.from 0 to 0.0008 part by weight of Se, from 0 to 0.05' part by weight of total chromium calculated as Cr 2 0 3l 
from O.to 0,5 part by weight of tptai vanadium calculated as V 2 0 5 and from 0 to 0.5 part by weight of total cerium 
calculated as Ce0 2 , wherein the proportion of ferrous iron calculated as Fe 2 0 3 in the total iron calculated as Fe 2 0 3 is 
from 15 to 50%. '..'.* 

20 [0015] typically, the glass of the present invention has, in a thickness of 5 mm, a visual tight transmittance (illuminant 
A) of at most 55% and a solar radiation transmittance of at most 50%. Further, it has, in a thickness of 5 mm, a trans- 
mittance of light having a wavelength of 370 nm of at most25%. 

BEST MOST FOR CARRYING OUT THE INVENTION 

25 

[0016] The glass.of the present invention is the'one having predetermined amounts of coloring components incor : 
porated to 100 parts by weight of a matrix component of soda iime silicate glass, The coloring components will be 
described below. '" . . , ' . *. 

[0017] If the.content of the total iron calculated as Fe 2 0 3 is less than 0.5 part by weight, the visible light transmittance 
30 tends to be too high, and if it exceeds 2.0 part by weight, the flame radiation heat is thereby blocked during melting so 
that the heat tends to hardly reach the interior of the molten glass, whereby melting tends to be difficult, and at the. 
same time, the specific gravity of the molten glass tends to be large, thus leading to a substantial practical problem 
such that it takes time for changing the base material. ' 

[0018] Among the total iron, the content of ferrous iron calculated as Fe 2 0 3 is from 1 5 to 50% of the total iron cal- 
35 culated as Fe 2 0 3 . lithe content of ferrous iron is less than 1,5%, the solar radiation transmittance tends to be too high . 
If it exceeds 50%, the flame radiation heat is thereby blocked so that the heat tends to hardly reach the interior of the ' 
molten glass, whereby melting tends to be difficult, and due to formation of ferric sulfide, an amber color is likely to form. 
[0019] A preferred content of the total iron (calculated as Fe 2 0 3 ) is from 0.5 to 1 .5 parts by weight per 100 parts by 
weight of the matrix'component, and a preferred, content of FeO is from 0.15 to 0.40 part by weight, particularly from 
40 0.20 to 0.40 part by weight, perl PQparts by weight of the matrix component. 

[0020] Titanium together with cobalt and iron contained as coloring. components/colors a glass with a dark green 
color. With a glass of this type, it is common that in order to obtain a green color, a glass excellent in a bluish tint is 
prepared with iron and cobalt, and a suitable amount of Se is. added thereto to add a reddish tint thereby to produce., 
a green color. Whereas, in the present invention, more than 1.0 part by weight of Ti0 2 is added to 100 parts by weight ' 
45 of the matrix component, whereby the required .amount of Se can be reduced. Especially, in the present invention, a 
green color can be formed even without incorporating Se. 

[0021] Further, titanium is also a component to absorb ultraviolet rays. Especially, it plays an important role to reduce 
the transmittance of light with a wavelength of 370 nm. 

[0022] [f .the total titanium calculated as ti0 2 is not more than 1 .0 part by weight per 1 00 parts by weight of the matrix 
so component, the transmittance of light with a wavelength of 370 nrn tends to be high, and at the same time it tends to 

be difficult to obtain a glass having a dark green color. If it exceeds 3.0 parts by weight, its reactioh^with molten tin in 

the float bath tends to be not negligible. Preferably, the total titanium is at least 1 A parts by weight per 100 parts by. 

weight of.the matrix component. ... . . . .. 

[0023] Further, vanadium which is not essential, may]b^ .incorporated up to 0.5 part by weight as the total vanadium 
ss calculated as V 2 6 5 , and cerium which is not essentia!, may. be. jpcorpo rated up to 0.5 part by weight as th total cerium 

calculated as Ce0 2 , to the glass 'of . the preserit jny.entibn, whereby the transmittance of light having a wavelength of 

370 nm can further be reduc'd. .. 

[0024] Cobalt is an ssehtiai component incorporated to obtain low visible light transmittance. If the content of CoO 
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is less than 0.003 part by weight per 1 00 parts by weight of th matrix component, the visibl light transmittance tends 
to be too high, and if it exceeds 0.02 part by weight, th color of the glass tends to be bluish. - 
[0025] Addition of Se is not essential , but Se may be added to adjust the I ight transmittance inthe visible and ultraviolet 
regions. If its content exceeds 0.0008 part by weight per 100- parts by weight of the matrix component, the dominant 
s wavelength tends to be long. Further, if the content of S is large, substantial installation and proc ss steps will be 
required for the exhaust gas treatment, as mentioned above. Accordingly, the smaller the- amount, the better. From 
this viewpoint, Se is preferably not substantially incorporated. Namely, it is preferred that it may not exceed the amount 
which is inevitably included as impurities. 

[0026] Of course, depending upon the interior color of an automobile,' it is possible to lower the excitation purity of 
10 glass for harmonization thereto and to adjust the color to slightly gray. In such a case, Se is added in an amount of at 
least 0.0002 part by weight, preferably at Ieast0.0003 part by weight, per 1 00 parts by weight of the matrix component. 
However, in the glass of the present invention; the change in excitation purity by an addition of Se is sharp, and if the 
amount of Se is large, the excitation purity tends to be too high, whereby a stable green color may sometimes be hardly 
obtainable. This tendency is particularly remarkable in a case where the amount of FeO is adjusted to be at least 0.28 
15 part by weight, particularly at least 0.30 part by weight, per 100 parts by weight of the matrix component, in order to 
increase the ratio of the visible light transmittance to the solar radiation transmittance. Also from such a viewpoint, the 
amount of Se is at most 0.0008 part by weight, preferably at most 0.0006 part by weight, per 100 parts by weightof 
the matrix component. 

[0027] Addition of chromium is not essential, but it may be added particularly in order to reduce the solar radiation 
20 transmittance. However, if the total chromium calculated as Cr 2 0 3 exceeds 0.05 part by weight per 1 00 parts by weight 
of the matrix component, a foreign substance due to formation of a chromite is likely to form. To minimize such a 
possibility, the amount should better be small. 

[0028] Nickel (NiO) is preferably not substantially incorporated in the present invention. A sunroof or a rear window 
glass of an automobile as the main application of the present invention, is usually treated for toughening, whereby if 
25 nickef is incorporated in the glass, it may cause natural breakage. Accordingly, it should not exceed an amount inevitably 
contained as impurities. * * ■ . 

[0029] From the foregoing reason, in a preferred embodiment of the present invention, none of Se, chromium and 
nickel is substantially incorporated. ' 

[0030] Further, in another preferred embodiment of the present invention, no nickel is substantially contained, but 
30 Se is incorporated in an amount of from 0.0002 to 0.0008 part by weight per 1 00 parts by weight of the matrix component,, 
to provide a glass having a stable green color. ' ; ^ . ■*..-:••-.. 

[0031] The soda lime silicate glass as the matrix component preferably comprises, by wt%, from 65 to 75% of Si0 2 , 
from 0.1 to 5.0% of Al 2 0 3 , from 10 to 18% of Na 2 0+!<20; from 5 to 15% of CaO, from 0 to 6% of MgO, and from 0.05 1 
to 1.0% of S0 3 . 

35 [0032] If the content of Si0 2 is less than 65%, the weather resistance tends to be poor, and if it exceeds 75%, 
devitrification is likely to result. If the content of Al 2 0 3 is less than 0.1%, water resistance tends to be low, and if it 
exceeds 5%, the meltability tends to be low. = • 

[0033] Na 2 0+K 2 0 are components which promote melting of the batch. If the total amount of the two is less than 
1 0%, such an effect tends to be low, and if it exceeds 1 8%; the weather resistance tends to be poor. 

40 [0034] CaO and MgO are components which promote melting of the batch and which improve the weather resistance. 
If the content of CaO is less than. 5%, such effects tend to be low, and if it exceeds 1 5%, the glass tends to be devitrif ied. 
MgO is not essential, but may be incorporated. However, if it exceeds 6%, the glass tends to. be devitrif ied. 
[0035] S0 3 is used as a refining agent, and it usually remains in the glass in an amount of from 0.05 to 1 .0%. 
[0036] The glass of the present inventions particularly preferred as a sunroof and a rear window glass of an auto- 

45 mobile and typically has the following optical properties. Namely, it is a glass having the above composition, and in a 
thickness of 5 mm, the visible light transmittance (illuminant A) T va is at most 55%, and the solar transmittance T e is 
at most 50%. Further, typically, the ultraviolet ray transmittance of a wavelength of 370 nm is at most 25%, preferably 
at most 20%. Further, in addition to the above optical properties, typically, the dominant wavelength D w as measured 
by illuminant C is from 480 to 560nm, preferably from'480 to 550 nm, more preferably from 490 to 520 nm, and the 

so excitation purity P e is from 4 to 1 6%, preferably from 6 to 15%, particularly preferably from 7 to 1 2%. 

[0037] Further, in the present invention; .itis preferred: that the ratio. (T va /T e ) obtained by dividing the visible light 
transmittance (iliuminant A) T va by the solar radiation transmittance Tg is at least 1 .3. If this ratio is small, the solar 
radiation shielding ability tends to be low relative to the visible. light transmittance. Namely, the glass tends to be sus- 
ceptible to the influence of the coldness and warmness of the exterior air although it may look otherwise; 

55 [0038] In order to obtain optical properties suitable, for a rear, window glass, it is preferred to havethe following- 
composition of coloring components (embodiment A) within the above; ranges, v.. ; 

[0039] Namely, relative to 100 parts by weight of the matrix component; the total " iron calculated as Fe 2 0 3 is from 
0.7 to 1.0 part by weight, the total titanium calculated as Tid 2 is more than 1.0 to* 3:0 parts by weight, CoO is from 0.01 
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to 0.02 part by weight, Se is from 0 to 0.0008 part by weight, the total chromium calculated as Cr 2 0 3 is from 0 to 0.02 
part by weight, the total vanadium calculated as V 2 0 5 is from 0 to 0.5 part by weight, and the total c rium calculated 
as CeO a is from 0 to 0.5 part by weight, wherein the proportion of ferrous iron.calculat d as Fe 2 0 3 in the total iron 
calculat d as Fe^ is from 25 to 50%. :> 

s [0040] Inordertolowerth solarradiationtransmittanc tofurtherincr aseTya/T^itispreferr d to adopt the following 
conditions within the above composition. Firstly, it is preferred to adjust the total titanium calculated as 710 2 to a level 
of at least 1.1 part by weight, particularly at least 1 .2 part by weight, per 100 parts by weight of the matrix component. 
Further, it is preferred to adjust the proportion of ferrous iron calculated as Fe 2 0 3 in the total iron calculated as Fe 2 0 3 
to a level of at least 30%. Further, it is preferred to adjust the total iron calculated as Fe^ to a level of at most 0.9 

10 part by weight, particularly at most 0.85 part by weight, per 1 00 parts by weight of the matrix component. 

[0041] * As mentioned above, depending upon the interior color of an automobile, for the harmonization thereto, the 
color may be adjusted to a stable green color which is slightly close to gray, and in such a case, Se may be added in 
an amount of from 0.0002 to 0.0008 part by weight, more preferably from*0.0003 to 0.0006 part by weight, per 100 
parts by weight of the matrix component. . ■ ■ , 

15 [0042] • Typically, the glass having the composition of embodiment A has, in a thickness of 5 mm, a visible light trans- 
mittance;(illuminant A) of from 25 to.40%, and a solar radiation transmittance of from 10 to 30%. Further, T va /T e is 
large, and thus it exhibits a relatively clear green color. 

[0043] The following composition may be mentioned as another preferred composition (embodiment B) of the glass 
of the present invention. Namely, it comprises 100 parts by weight of the matrix component, and, as coloring compo- 
se nents, from 1 ,0 to 2.0 parts by weight of total iron calculated as Fe 2 0 3 , more than 1 .0 to 3.0 parts by weight of total 
titanium calculated as Ti0 2 , from 0.01 to 0.02 part by weight of CoO, from 0 to 0.0008 part by weight of Se, from 0 to 
0.02 part by weight of total chromium calculated as Cr 2 0 3 , from 0 to 0.5 part by weight of total vanadium calculated 
as V 2 0 5 , and from 0 to 0.5 part by weight of total cerium calculated as Ce0 2 , wherein .the proportion of ferrous iron 
calculated as F^Og.in the total iron calculated as, Fe 2 0 3 is from 15 to 40%.. 
25 [0044] Typically, the glass of embodiment B has, in a thickness of 5 mm, a visible light transmittance (illuminant A) 
of at most 40% and a solar radiation transmittance of at most 30%, 

[0045] In order to lowerthesolarradiation transmittance to further increase T va /T e , it is preferredto adopt the following 
conditions among.the r ^bove composition. Firstly, it is preferred to adjust the total titanium calculated as Ti0 2 to a level 
of at least 1 .1 parts by weight, particularly at least 1 .2 parts by weight, per 1 00 parts by weight of the matrix component. 
30 Further, it is preferred to adjust the proportion of ferrous iron calculated as Fe 2 0 3 in the total iron calculated as Fe 2 0 3 
to a level of at least 20%. ■ 

[0046] , Further, in a case where it is used as a rear window glass of- an automobile, it is preferred to adjust the total 
iron calculated as Fe 2 0 3 to a level of at most 1 .4 parts by weight, per 1 00 parts by weight of the matrix component. In 
this way, it is possible to obtain a glass which has, in a thickness of 5 mm, a visible light transmittance (illuminant A) 

35 of from 25 to 40% and a solar radiation transmittance of from 1 0 to 30%. 

[0047] Here, depending upon the interior color of the automobile, for harmonization thereto, the color may be adjusted 
to a stable. green color slightly. close to gray, and in such a case, Se may be added in an amount of from 0.0002 to 
0.0008 part by weight, more preferably from 0.0003 to 0.0006 part by weight, per 100 parts by weight of the matrix 
component, as mentioned above; . * ' 

40 [0048] Further, in a case where it is used for.a sunroof or the like within the range of embodiment B, it is preferred 
to adjust the total iron calculated as Fe 2 0 3 to a level of at least 1 .2 parts by weight and CoO to a level of at least 0.01 2 
part by weight, per 1 00 parts by weight of the matrix component. In this -way; it is possible to obtain a glass which has,, 
in a thickness of 5 mm, a visible light transmittance (illuminant A) of at most 25% and a solar radiation transmittance 
of at most 20%. fc - 

45 [0049] Further, in order to obtain optical properties suitable for a sunroof, the following composition of coloring com- 
ponents (embodiment C) may be adopted within the ranges of the glass composition of the present invention. Namely, 
it comprises, as coloring components, from 0.7 to 1 .0 part by weightof total iron calculated as Fe 2 0 3 , more than 1 .0 
to 3,0 parts by weight of total titanium calculated as Ti0 2 , from 0.01 to 0.02 part by weight of CoO, from 0 to 0.0008 
part by weight of Se, ; from 0.02 to 0.05 part by weight of total chromium calculated as Cr 2 0 3 , from 0 to 0.5 part by , 

so weight of total vanadium calculated as V 2 0 5 and from. 0 to 0:5part:by weight of total cerium calculated as Ce0 2 ,. 
wherein the proportion of ferrous iron calculated as Fe 2 0 3 in the total iron calculated as"F^03 is from 25 to 50%. 
[0050] - In orderto lower.the solar radiation transmittance to further increase T va /T e , it is preferredto adopt the following 
conditions within such a composition. Firstly, it.is preferred tcadjust the total titanium calculated as Ti0 2 to.a level of 
at least -1 .1 parts by weight, particularly atieast 1,2parts.by weight,, per 1 00 parts by weight of the matrix component. 

55 Further, it is preferred to adjust the proportion ipfrferrousiiron calculat d as Fe 2 0 3 in the total iron calculated as Fe 2 0 3 
to a level of at least 30%. Typicallypthistglass haspin^thtckraess of 5 mm, a visible light transmittance (illuminant A) 
of at most 35% and a solar radiatioa.transmittanc -ofcatmost 15%. - 

[0051] In a case where a glass having relatively high visible light transmittance is pr f rr d among those for rear or 
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r ar side window glasses, the following composition of coloring components (embodiment D) may be adopt d within 
the ranges of th glass composition of the present invention. Namely, it comprises, r lativ to 100 parts by weight of 
the matrix component, from 0.5 to 1 .0 part by weight of total iron calculated as Fe 2 0 3 , more than 1 .0 to 3.0 parts by 
weight of total titanium calculated as Ti0 2 , from 0.003 to 0.015 part by weight of CoO, from 0 to 0.0008 part by weight 
s of Se, from 0 to 0.02 part by weight of total chromium calculated as Cr 2 0 3 , from 0 to 0.5 part by weight of total vanadium 
calculated as V 2 0 5 , and from 0 to 0.5 part by weight of total cerium calculated as Ce0 2 , wherein the proportion of 
ferrous iron calculated as Fe 2 0 3 in the total iron calculated as Fe^ is from 25 to 50%. 

[0052] Like embodiment A, in order to lower the solar radiation transmittance to further increase T va /T e , it is preferred 
to adopt the following conditions. Firstly it is preferred to adjust the total titanium calculated as 710 2 to a level of at least 

10 1.1 parts by weight, particularly at least 1 .2 parts by weight, per 1 00 parts by weight of the matrix component. Further, 
it is preferred to adjust the proportion of ferrous iron calculated as Fe 2 0 3 in the total iron calculated as Fe 2 0 3 to a level 
of at least 30%. Further, it is preferred to adjust the total iron calculated as Fe 2 0 3 to a level of at most 0.9 part by 
weight, particularly at most 0.85 part by weight, per'100 parts by weight of the matrix component. 
[0053] Typically, the glass having the composition of embodiment D has, in a thickness of 5 mm, a visible light 

is transmittance (illuminant A) of more than 40% and not more than 55% and a solar radiation transmittance of from 20 
to 50%. 

[0054] The dark green colored glass of the present invention can be produced by a method which comprises melting 
a glass by a conventional melting tank i.e. a melting' tank of the type wherein a fuel is burned on the bath surface of a 
molten glass, and heating is carried out by the flame, and then supplying the molten glass to a usual float bath to form 

20 a glass ribbon having a predetermined thickness. 

[0055] Further, throughout the present specification, the solar radiation transmittance T e is the one determined in 
accordance with JIS R3106. The visible light transmittance was measured by using illuminant A, and the dominant 
wavelength and the excitation purity were measured by using illuminant C. 
[0056] Now, the Examples of the present invention will be described. 

25 [0057] A batch prepared by using silica sand, feldspar, dolomite, soda ash, Glauber's salt, ferric oxide, titanium oxide, 
cobalt oxide, etc., as raw materials, so that coloring components as identified in Table 1 , 2 or 3 were added to a matrix 
component comprising 72.1 wt% of Si0 2 , 1 .7 wt% of Al2°3. 7.8 wt% of CaO, 4.1 wt% of MgO, 13.5 wt% of Na 2 0, 0.5 
wt% of K 2 0 and 0.3 wt% of S0 3 , was melted in a melting tank of a conventional type, and the molten glass was supplied 
to a small size float test plant connected to the melting tank, to obtain a dark gray colored sheet glass. 

30 [0058] In Tables 1 to 3, with respect to t-Fe 2 0 3 (total iron calculated as Fe 2 0 3 ), FeO, Ti0 2 , Ce0 2 and V 2 0 5 , the units 
are parts by weight per 1 00 parts by weight of the total amount of the matrix components, and the units for CoO , Cr 2 0 3 
and Se are 1 0* 4 parts by weight per'1 00 parts by weight of the total amount of the matrix components, and the unit for 
REDOX (the proportion of ferrous iron calculated as Fe 2 0 3 in the total iron calculated as Fe 2 0 3 ) is %. 
[0059] With respect to these sheet glasses, the solar radiation transmittance T e , the.visible light transmittance T va , 

35 the transmittance of a wavelength of 370 nm T37Q, the dominant wavelength D w and the excitation purity P e (each of 
these values was calculated in a thickness of 5 mm) were obtained, and the results are shown in Tables 1 to 3. 
[0060] Example 23 represents a case where Ti0 2 is reduced. It is evident that the color tends to be bluish since the 
dominant wavelength is short. Example 24 contains no CoO, whereby an increase of the visible light transmittance is 
observed. Example 25 represents a case where the content of iron is small, whereby an increase in the transmittance 

40 at a wavelength of 370 nm is observed. Example 26- represents a case where sodium nitrate is introduced as an 
oxidizing agent to the raw materials to reduce the reduction ratio of iron, whereby the dominant wavelength is shifted 
to the reddish direction (the long wavelength side), and the solar radiation transmittance is not so reduced. Example 
27 represents a case where CoO is added excessively, whereby the excitation purity increases remarkably, and the 
dominant wavelength is short, thus indicating that the color tends to be substantially bluish. In Example 28, the amount 

45 of Se is large, whereby the glass has a very high excitation purity. 

[0061] Further, in Example 23 and Examples 25 to 28, the T va /T e ratio is small, and the balance between the visible 
light transmittance and the solar radiation transmittance is poor. Namely, the glass has a low solar radiation shielding 
performance although it may look otherwise. 

50 Table 1 



Examples 


1. 


2 


3 


. 4 


5 


t-Fe 2 0 3 


0.8 ' 


0.8 . 


0.8 


■ 0.8 . 


0.5 


FeO 


0.22 


0.27i 


0.27. 


0.24 


0.15 


T10 2 


1.7 


1.1 j 


2.8 ; 


1.7 ' 


1.7; 


CoO 


120 . 


100 




180- 


120 . 


Cr 2 0 3 








j 
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Table 1 (continued) 



Examples 


1 


2 


3 


4 


• 5 


Se 












REDOX 


30 


37 


38 


33 


34 


T e (%) 


25.4 


24.4 


14.2 


190 


35.3 


T va (%) 


39.4- 


40.9 


28.0 


27.4 


48.4 


T37O (%) 


13.3 


20.7 


11,2 


13.9 


16.3 


D w (nm) 


'496 


490 


507 


487 


492 


P e (%) ' 


7.7 


12.5 


6.0 


15.9 


7.4 


*T va /T e 


1.55 


" V.68 


1.96 


1.44 


1.37 


t-Fe 2 0 3 


1-P 


0.9 


0.8 


0.8 ■ 


.0.8 


FeO 


0.25 


0.32 


0.22 


0.22 


0.22 


T10 2 


1.7 


1.7 


1.7 


1.7 


1.7 


CoO 


150 


. 30 


120 


120 


120 


Cr 2 0 3 






100 


150 




Se 










8 


REDOX 


28 


40 


30 


30 


'30 


T e (%) 


17.3 


21.3 


24.8 


24.1 


24.1 


T va (%) 


27.2 


48.6 


37.3 


36.4 


35.6 


T370 (%) 


6.9 


5.6 


7.0 


5.8 


4.4 


^D w (nm) • 


495 


-547 


511 


520 


542 


P e (%) 


9.8 


10.5 


5.0 


5.2 


6.1 


T va /T e 


1.57 


2.29 


1.50 


1.51 


1.48 


Table 2 [ 


Examples 


11 


12 


13 . 


14; 


15 


t-Fe 2 0 3 


0.8 


0.08 


' 0.8 


0.8 


1.3 


FeO 


0.22 


0.22 


0.20 


0.27 


0.36 


TiO a 


1.7 


1.7 


1.7 


1.7 


1.05 


CoO 


120 


120 


150 


150 


120 


Cr 2 0 3 












Se : ■ - 


5 


3 ' 








Ce0 2 






0.5 


1 












0.3 




REDOX 


30 


' 30 ' 


28 


37- 


: 31 


T e (%) 


, 24.9 


25.4 


25.5 


.11.3 


15.3 


T va (%) 


36.9 


37.7 


34.2 


15.6 


29^4 


T370 (%) 


6.3 


7.5 


9.0. . 


14.5 


6.0 


D w (nm) 


520 


508 


493 


513 


496 


P e (%) 


4.1 


4.5 


9.5 


7.7 


10.5 




1.48 


1.48 


1.34 


1.37 


1.92 


t-Fe 2 0 3 


1.3 


1 .3 


•1.2 


1.7 * 


1.5 


FeO 


0.24 


0.25 


0.26 


0.26 


0.26 


Ti0 2 


1,05- 


1.05 


1.5 


1.5 


1.5 


CoO 


Uo 


140| 


150 


' '150 


150 


Cr 2 0 3 










100 


Se *' 


/^8 ; 


;i \ 








Ce0 2 












v 2 o 5 
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Tabl 2 (continued) 



10 



15 



Examples 


11 


12 


" 13 


14 


" 15 


REDOX 


20 


. 21 


24 


17 


19 


T e (%) 


17.2 


18.9 


12.9 


1.9 . 


3.3 


T va (%) 


23.4 


27.6 


21.9 


6.3 


11.0 


T 370 (%) ' 


4.3 


5.9 


12.5 


7.7 


12.6 


D w (nm) 


557 


501 


496. 


505 


509 


P e (%) 


8.3 


5.3 : 


10.1 


8.8 


7.5 




1.36 


1.46 


.1.70 


3.31 


3.38 



20 



25 



30 



35 



40 



45 



Table 3. 



Examples 


21 


22 


23 


24. 


25 , 


26 


.27 


28 


t-Fe 2 0 3 


0.8 


0.8 


0.8 


. 0.8 


0.4 


0.8 


0.4 


1.3 


FeO 


0.32 


0.32 


0.24 


0.29 


0.13 


0.06 


0.17 


0.23 


Ti0 2 


1.7 


1.7- 


0.8 


1.7 . 


1.7 


1.7 


1.5 


1.05 


CoO 


120 


120 


165 




150 


100 


300 


140 


Cr 2 0 3 


'450 


300 














Se 
















15 


REDOX 


45 


45 


33 


40 


35 


8 


'48 


20 


T e (%) 


7-7 


9.9 


26.8 


27.7 


36.2 


45.6 


14.3 


16.1 


T va (%) 


26.6 


29.2 


32.7 . 


57.5, 


46.3 


49.2 


.16.1 


20.6 


T 370 (%) 


9.8 


13.4 


28.4" 


12.4 


46.2 


15.9 


64.8 


3.2 


D w (nm) 


529 


508 ' 


467 


557 


486 


565 


475 


571 


P e (%) 


8.3 


6.7 


25.4 


15.4 


12.0 


12.9 


42.5 


17.4 


Ty/r 6 


3.44 


2.96 


1.22 


2.07 


1.28 


1.08 


1.13 


1 .28' 



[0062] Further, Table 4 shows the results of computer simulation carried out within the scope of the present invention. 

Table 4 



Examples 


29 


30 


31 


32 


33 


34 


35 


36 


t-Fe 2 0 3 


0.9 


0.9 


0.9 


0.9 


0.9 


0.9 


0.9 


0.9 


FeO 


0.32 


0.32 


0.32 


0.32 


0.32 


0.28 


0.28 


0.24 


Ti0 2 . 


1.4 


1,6 


1.6 . 


1.8 . 


1.8 


1.6 


. 18 


1,8 


CoO , . 


160 


150 


160 


150 


160. 


160 


160 


160 


Se' 


















REDOX 


40 


40 


40' 


40 


40 


35 


35 


30 


T e (%). 


18.5 


1.78 


17,5, 


i6.8 


16.5 ; 


19.5 


18.6 


20.6 


Tva(%) 


29.7 


30.4 


28.8 


29.6 


28.0 


29.9 


29.0 


30.1 


D w (nm), 


490 


493 


492 . 


495 . 


493 


491 


493 - 


493 


P e (%) 


15.2 


12.4 


13.7. 


10.9 


.12.V 


13.0 


11,4 


10.7 




1.61 


1.71 


1.65 


1.76 


1.70 


1.53 


1.56 


1.46 



50 



55 



[0063] Further, Table 5 shows the results of computer simulation for the effects of adding a small amount of Se. It is 
evident that by the addition of Se, the excitation purity once decreases, but by an excessive addition, it tends to increase 
again.' 

' • < - * . Tabte'S..--'.'. 1 ; , .. " 



Examples 


37 


38' 


'^39 




41/' 


t-F 2 0 3 


1-3 . 




' 1;3;: 


' -1:3; . 


1.3.-, 
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Tabl 5 (continued) 



10 



15 



20 



25 



examples 


0/ 


00 * 




*tU 


41' 


heu 


U.ob 


a Oft 
U.ob 


n oft 
U.ob 


A Oft 

U.ob 


A Oft 

U.ob 


TJA 

I IU 2 


1 .ub 


1 nc 
1 .uo 


1 .uo 


1 .uo 


1 nc 
1 .Ub 


oou 


^ on 


i on 


ion • 


i on 

l^U 


1 on 
l^U 


Se 


1 


2 


3 


4 


5 


REDOX 


31 


31 * 


31 


31 


31 


T e( % ) . 


H C A 
lO.l 


H A O 

14.9 


A A "7 . 

14. / 


4 /I c 


A A O 

i4.o 


T va (%). : 


29.1 . 


28.8; 


28.5 


00 0 


27.9 


D w (nm) 


vi An 
499 


bUo 


C 4 A 
OlO 


coo 

b^o 


con 
bo 9 


p e ( % ) 


o.b 


ft "7 

b./ 


c 0 
b.o 


b.i 


ft c 

b.b 


1 var 1 e 


1.93 


1.93 


1.94 


1.94 


1.95 




a 0 


■1 O 
1 .O 


I .O 


A O 
1 .O 


A O 

1 .O 


reu 


t\ oft 
U.ob 


A Oft 

U.ob 


n oft 
U.ob 


n oft 

U.OO 


n oft 
U.ob 


T(U 2 


1 .05 


H AC 

1 .Ob 


A AC 

1 .Ob 


A AC* 

1 .Ub 


i AC 

1 .Ub 


COO 




A OA 

1^0 


4 OA 
1^0 


A OA 


A OA 

1^0 


Se 


6 


7 


8 


9 


10 


REDOX 


31 


31 


31 


31 


31 


T e (%) 


14.1 


13.9 


13.7 


13.6 


13.4 


- T va (%). 


.27.6. 


27,3 


27.0 


26.7 


26.4 


D w (nm) 


550 


557 


561 


564 


567 


P e (%) " 


8.6 


10.8 


12.9 


15.1 


17:3 




1.95". 


1.96 


1.97 * 


1,97 


1.98 



30 



35 



INDUSTRIAL APPLICABILITY 

[0064] As described above, the dark green colored glass of the present invention has low visible light transmittance, - 
whereby the solar transmittance and the ultraviolet- ray transmittance are. reduced to a large extent. Further, it can be 
readily melted by a melting tank of a conventional type and can be produced by a float process which is excellent in 
the productivity. 



Claims 



40 



45 



1 . A dark green colored glass comprising'1 00 parts by weight of a matrix component of soda lime silicate glass, and, 
as coloring components, from 0.5 to 2.0 parts by weight of total iron calculated as Fe 2 0 3 , more than 1 .0 to 3.0 
parts by weight of total titanium calculated as Ti0 2 , from 0.003 to 0.02 part by weight of CoO t from 0 to 0.0008 
part by weight of Se, from 0 to 0.05 part by weight of total chromium calculated as Cr 2 0 3 , from 0 to 0.5 part by 
weight of total vanadium calculated as VgOg and from 0 to 0.5 part by weight of total cerium calculated as Ce0 2 , 
wherein the proportion of ferrous iron calculated as Fe 2 0 3 in the total iron calculated as Fe 2 0 3 is from 1 5 to 50%. 

2. The dark green colored glass according to Claim'1 , which has, in a thickness of 5 mm, a visible light transmittance 
(illuminant A) of at most 55%, and a solar radiation transmittance of at most 50%. 



so 



3. The dark green colored glass according to Claim 1 or 2, which' has, in a thickness of 5 mm, a transmittance of light 
having a wavelength of. 370 nm of at most 25%. «. . . 



55 



The dark green colored glass according to Claim 1 , which comprises 100 parts by weight of a matrix component 
of soda lime silicate glass and, as coloring components, from 0.7 to 1 .0 part by weight of total iron calculated as 
Fe 2 0 3 , more than 1 ,0 to 3.0 parts by weight of total titanium calculated as Ti0 2 , from 0.01 to 0.02 part by weight 
of CoO, from 0 to 0.0008 part by weight of Se, from Oto 0.02 part by weight of total chromium calculat d as Cr 2 0 3 , 
from 0 to 0.5 part by weight of total vanadium.calculate^as V 2 0 5 and from 0 to 0.5 part by weight of total cerium 
calculated as Ce0 2 , wherein the proportiorfof ferrous iron calculat d as Fe 2 0 3 in the total iron calculated as F 2 0 3 
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is from 25 to 50%. 



5. The dark green colored glass according to Claim 4, which has, in a thickness of 5 mm, a visible light transmittance 
(illuminant A) of from 25 to 40%, and a solar radiation transmittance of from 10 to 30%. 

5 

6. The dark gr en colored glass according to Claim 1 , which comprises 1 00 parts by weight of a matrix component 
of soda lime silicate glass, and, as coloring components, from 1 .0 to 2.0 parts by weight of total iron calculated as 
Fe 2 0 3 , more than 1 .0 to 3.0 parts by weight of total titanium calculated as TI0 2 , from 0.01 to 0.02 part by weight 
of CoO, from 0 to 0.0008 part by weight of Sej from 0 to 6.02 part by weight of total chromium calculated as Cr 2 6 3 , 

10 from 0 to 0.5 part by weight of total vanadium calculated as V 2 O s and from 0 to 0.5 part by weight of total cerium 

calculated as Ce0 2 , wherein the proportion of ferrous iron calculated as Fe 2 0 3 in the total iron calculated as Fe 2 0 3 
is from 15 to 40%. ' : * ' r "' r " *' " ' 

7. The dark green colored glass according to Clalrti 1 , which comprises 1 00 parts' by weight of a matrix component 
is of soda lime silicate glass, and, as coloring components, from 1 .0 to 2.0 parts by weight of total iron calculated as 

Fe 2 0 3 , more than 1 .0 to 3.0 parts by weight of total titanium calculated as Ti0 2 , from 0.01 to 0.02 part by weight 
of CoO, from 0.0002 to 0.0008 part by weight of Se, from 0 to 0.02 part by weight of total chromium calculated as 
Cr 2 0 3 , from 0 to 0.5 part by weight of total vanadium calculated as V 2 0 5 and from 0 to 0.'5 part by weight of total 
cerium calculated as Ce0 2 , wherein the proportion of ferrous iron calculated as Fe 2 0 3 in the total iron calculated 
20 as Fe 2 0 3 is from 15 to 40%, 

8. The dark green colored glass according to Claim 6 or 7, which has,' in a thickness of 5 mm, a visible light trans- 
mittance (illuminant A) of at most 40%, and a solar radiation transmittance of at most 30%. 

25 9. The dark green colored glass according to Claim 1 , which comprises 1 00 parts by weight of a matrix component 
of soda lime silicate glass, and, as coloring components, from 0.7 to 1 .0 part by weight of total iron calculated as 
Fe 2 0 3 , more than 1 .0 to 3.0 parts by weight of total titanium calculated as Ti0 2 , from 0.01 to 0.02 part by weight 
of CoO, from 0 to 0.0008 part by weight of Se. from 0.02 to 0.05 part by weight of total chromium calculated as 
Cr 2 0 3 , from 0 to 0.5 part by weight of total vanadium calculated as V 2 0 5 ancTfrom 0 to 0.5 part by weight of total 

30 cerium calculated as Ce0 2 , wherein the proportion of ferrous iron calculated as Fe 2 0 3 in the total iron calculated 

as Fe 2 0 3 is from 25 to 50%, 

10. The dark green colored glass according to Claim'9, which has, in i a thickness of 5 mm, a visible light transmittance 
(illuminant A) of at most 35%, and a solar radiation transmittance of at most 1 5%. 

35 

11. The dark green colored glass according to Claim 1, which comprises 100 parts by weight of a matrix component 
of soda lime silicate' glass, and, as coloring components, from 0.5 to 1 .0 part by weight of total iron calculated as 
Fe 2 0 3 , more than 1 .0 to 3.0 parts by weight of total titanium calculated as Ti0 2 , from 0.003 to 0.01 5 part by weight 
of CoO, from 0 to 0.0008 part by weight of Se, from 0 to 0.02 part by weight of total ch romium calculated as Cr 2 0 3 , 

*o from 0 to 0.5 part by weight of total vanadium calculated as V 2 0 5 , and from 0 to 0.5 part by weight of total cerium 

calculated as Ce6 2 , wherein the proportion of ferrous iron calculated as Fe 2 0 3 in the total iron calculated as Fe 2 0 3 
is : from25to.50%. ' ' * * ' " ^ J 

12. The dark green colored glass according to Claim 1 1 . which has, in a thickness of 5 mm, a visible light transmittance 
45 (illuminant A) of more than 40% and not more than 55%, and a solar' radiation transmittance of from 20 to 50%. 

1 3. The dark green colored glass according to any one of Claims 1 to 1 2, wherein the soda lime silicate glass comprises, 
by wt%, from 65 to 75% of Si0 2) from 0.1 to 5.0% of Al 2 0 3 , from 10 to 1 8% of Ne^O+^O, from 5 to 15% of CaO, 
from 0 to 6% of MgO and from 0.05 to'1 .0% of SO^: 

so 

1 4. The dark green colored glass according to any one of Claims 1 to 1 3, which has, in a thickness of 5 mm, a dominant 
wavelength of from'480 to 560 nm, as' measured by using illuminant C. 

15. The dark green colored glass according to any one of Claims 1 to 14, wherein the ratio obtained by dividing the 
55 visible light transmittal 

16. The dark green colored glass according to any one of Claims 1 to Y5?which contains substantially no NiO. 
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17. The dark green colored glass according to any on of Claims 1 to 16, which is produc d by a float process. 



PatentansprQch 

5 

1. Dunkelgrun gefarbtes Glas, umfassend 100 Gewichtsteile einer Matrixkomponente aus Natronkalk-Silikat-Glas 
und als F&rbekomponenten von 0,5 bis 2,0 Gewichtsteile Gesamteisen, berechnet als Fe^0 3 , mehr als 1 ,0 bis 3,0 
Gewichtsteile Gesamttitan, berechnet als Ti0 2 , von 0,003 bis 0,02 Gewichtsteile CoO, von 0 bis 0,0008 Gewichts- 
teile Se, von 0 bis 0,05 .Gewichtsteile Gesamtchrom /berechnet als Cr 2 0 3 , von 0 bis 0,5 Gewichtsteile Gesamtva- 

10 nadium, berechnet als V^, und von'O bis 0,5.Gewichtsteile Gesamtcer, berechnet als Ce0 2 , wobei das Verhaltnis 

von Eisen(ll), berechnet ais Fe 2 0 3 , im Gesamteisen,' berechnet als Fe20 3l von 15 bis 50% betragt. 

2. Dunkelgrun gefarbtes Glas nach Anspruch 1 , welches in einer Dicke von 5 mm eine Durchlassigkeit fur sichtbares 
Licht (Lichtquelle A) von hochstens 55% und eine Durchlassigkeit fur Sonnenstrahlung von hochstens 50% auf* 

is weist. .. .. . • 

3. Dunkelgrun gefarbtes Glas nach Anspruch 1 oder 2, welches in einer Dicke von 5 mm eine Durchlassigkeit fur 
Licht mit einer Wellenlange von 370 nm von hochstens 25% aufweist. 

20 4. Dunkelgrun gefarbtes Glas nach Anspruch 1 , umfassend 100 Gewichtsteile einer Matrixkomponente aus Natron- 
kalk-Silikat-Glas und als Farbekomponenten von 0,7 bis 1,0 Gewichtsteile Gesamteisen, berechnet als Fe 2 0 3 , 
mehr als 1 ,0 bis 3,0 Gewichtsteile Gesamtitan, berechnet als Ti0 2 , von 0,01 bis 0,02 Gewichtsteile CoO, von 0 
bis 0,0008 Gewichtsteile Se, von 0 bis 0,02 Gewichtsteile Gesamtchrom, berechnet als Cr 2 0 3 , von 0 bis 0,5 Ge- 
wichtsteile Gesamtvanadium, berechnet als V 2 0 5 , und von 0 bis 0,5 Gewichtsteile Gesamtcer, berechnet als Ce0 2 , 

25 wobei das Verhaltnis von Eisen(ll), berechnet als Fe 2 0 3 , im Gesamteisen, berechnet als Fe 2 0 3 , von 25 bis 50% 

betr^gt. r r • . ^ . ..... 

5. Dunkelgrun' gefarbtes Glas .nach Anspruch 4, welches in einer Dicke von 5 mm eine Durchlassigkeit fur sichtbares 
Licht (Lichtquelle A) von 25 bis 40% und. eine Durchlassigkeit fur Sonnenstrahlung von 10.bis 30 % aufweist. 

30 .... 

6. Dunkelgrun gefarbtes Glas nach Anspruch 1 , umfassend 100 Gewichtsteile einer Matrixkomponente aus Natron- 
kalk-Silikat-Glas und als Farbekomponenten yon 1,0 bis 2,0 Gewichtsteile Gesamteisen, berechnet als Fe 2 0 3 , 
mehr als 1 ,0 bis 3,0 Gewichtsteile Gesamttitan, berechnet als Ti0 2 , von 0,01 bis 0,02 Gewichtsteile, CoO, von 0 
bis 0,0008 Gewichtsteile Se, von 0 bis 0,02 Gewichtsteile Gesamtchrom, berechnet als Cr 2 0 3 , von 0 bis 0,5 Ge- 

35 wichtsteije Gesamtvanadium, berechnet als V 2 0 5 , und von 0 bis 0,5 Gewichtsteile Gesamtcer, berechnet als Ce0 2 , 

wobei das Verhaltnis von Eisen(N), berechnet als Fe 2 0 3 , im Gesamteisen, berechnet als Fe 2 0 3 , von 15 bis 40 % 
betragt. , 

7. Dunkelgrun gefarbtes Glas nach Anspruch 1 , umfassend 1 0O Gewichtsteile einer Matrixkomponente aus Natron : 
40 kalk-Silikat-Glas und als Farbekomponenten von 1 ,0 bis 2,0 Gewichtsteile Gesamteisen, berechnet als Fe 2 0 3 , 

mehr als 1,0 bis 3,0 Gewichtsteile Gesamttitan, berechnet als Ti0 2 , von 0,01 bis 0,02 Gewichtsteile CoO, von 
0,0002 bis 0,0008 Gewichtsteile Se, von 0 bis 0,02 Gewichtsteile Gesamtchrom, berechnet als Cr 2 0 3 , von 0 bis 
0,5 Gewichtsteile Gesamtvanadium, berechnet als V 2 0 5 , und von 0 bis 0,5 Gewichtsteile Gesamtcer, berechnet 
als Ce0 2 , wobei das Verhaltnis von Eisen(ll), berechnet als Fe 2 0 3 , im Gesamteisen, berechnet als Fe 2 0 3) von 
45 15 bis 40% betragt. 

8. Dunkelgrungefarbtes Glas nach Anspruch 6 oder 7, welches in einer Dicke. von 5 mm eine Durchlassigkeit fur 
sichtbares Licht (Lichtquelle A) von hochstens 40% und eine Durchlassigkeit fur Sonnenstrahlung von hochstens 
30% aufweist. 

so ... , ( 

9. Dunkelgrun gefarbtes Glas nach Anspruch 1 , umfassend 100. Gewichtsteile einer Matrixkomponente aus Natrbn- 
kalk-Silikat-Glas und als Farbekomponenten von 0,7 bis 1 ,0 Gewichtsteile Gesamteisen, berechnet als Fe 2 0 3 , 
mehr als 1 ,0 bis 3,0 Gewichtsteile Gesamttitan, berechnet als Ti0 2 , von 0,01 bis 0,02 Gewichtsteile. CoO, von 0 
bis 0,0008 Gewichtsteile Se, von 0,02 bis Q,Q5 : gewichtsteile Gesamtchrom, berechnet als Cr 2 0 3 , von 6 bis 0,5 

55 Gewichtsteile Gesamtvanadium, berechn t als V 2 6 5 , und von 0 bis 0,5 Gewichtsteile Gesamtcer, berechnet als 

Ce0 2 , wobei das Verhaltnis y9aEt^en(l.l) < ,ber^hnet.als.Fe2p 3 , im Gesamteisen, berechnet als Fe 2 0 3 , von 25 bis 
50% betragt. 



11 



EP 0 803 479 B1 



Dunkelgrun gefarbtes Glas nach Anspruch 9, w Iches in einer Dicke von 5 mm eine Durchlassjgkeit fur sichtbares 
Licht (Lichtquelle A) von hochstens 35% una* eine Durchlassigkeit fur Sonnehstrahjung von hochstens 15% auf- 
weist. 

Dunkelgrun gefarbtes Glas nach Anspruch 1 , umfassend 100 Gewichtsteile einer Matrixkomponente aus Natron- 
kalk-Silikat-Glas und als F&rbekomponenten von 0,5 bis 1,0 Gewichtsteile Gesamteisen, berechnet als Fe 2 0 3) 
mehr als 1 ,0 bis 3,0 Gewichtsteile Gesamttitan, berechnet als Ti0 2 , von 0,003 bis 0^015 Gewichtsteile CoO, von 
0 bis 0,0008 Gewichtsteile Se, von 0 bis 0,02 Gewichtsteile Gesamtchrom, berechnet als Cr 2 6 3 , von 0 bis 0,5 
Gewichtsteile Gesamtvanadium, berechnet als V 2 0 5 , und von 0 bis 0,5 Gewichtsteile Gesamtcer, berechnet als 
Ce0 2 , wobei das Verhaltnis von Eisen(ll), berechnet als Fe 2 0 3 , im Gesamteisen, berechnet als Fe 2 0 3 , von 25 bis 
50% betragt. ... 

Dunkelgrun gefarbtes Glas nach Anspruch 11 , welches in einer Dicke von 5 mm eine Durchlassigkeit fur sichtbares 
Licht (Lichtquelle A) yon mehr als 40% und nicht mehr als 55% und eine Durchlassigkeit fur Sonnenstrahlung von 
20 bis 50% aufweist. 

Dunkelgrun gefarbtes Glas nach einem der Anspruche 1 bis 12, wobei das Natronkalk-Silikat-Glas von 65 bis 75% 
Si0 2) von 0,1 bis 5,0% Al 2 0 3) von 10 bis 18% Na 2 0-i-K 2 Ci, von 5 bis 15% CaO, von 0 bis 6% MgO und von 0,05 
bis 1 ,0% S0 3 , bezogen auf Gewichtsprozente, umfaBt. 

Dun kelgrtin gefarbtes Glas nach einem der Anspruche 1 bis 1 3, welches in einer Dicke von 5 mm eine maBgebende 
Wellenlange von 480 bis 560 nm, gemessen unter Verwendung von Lichtquelle C, aufweist. 

Dunkelgrun gefarbtes Glas nach einem der Anspruche 1 bis. 14, wobei das durch Dividieren der Durchlassigkeit 
fur sichtbares Licht (Lichtquelle A) durch die Durchlassigkeit fur Sonnenstrahlung erhaltene Verhaltnis mindestens 
1,3 betragt. 

Dunkelgrun gefarbtes Glas nach einem der Anspruche 1 bis 15, welches im wesentlichen kein NiO enthalt. 
Dunkelgrun gefarbtes Glas nach einem der Anspruche 1 bis 16, welches durch ein Float-Verfahren hergestellt ist. 



Revendications r 

35 1 . Verre de couleur vert fonc6 comprenant 1 00 parties en pbids d'un cbmposant formarit matrice cohstitue de verre 
de silicate sodocalcique et, en tant que composants colorants, de 0,5 a 2,0 parties en poids de fer total calcule en 
Fe 2 0 3 , plus de 1 ,0 a 3,0 parties en poids de titane total calculi en Ti0 2 , de 6,003 a 0,02 partie en poids de CoO, 
de 0 & 0,0008 partie eh poids de Se, de 0 a 0,05 partie en poids de chrome total calcule en Cr 2 0 3 , de 0 a 0,5 
partie en poids de vanadium total calculi en V 2 0 5 et de 0 a 0,5 partie en poids de cerium total calcule en Ce0 2 , 

40 ou la proportion de fer ferreux, calcule en Fe 2 0 3 dans le fer total calcule en Fe 2 0 3 , est de 1 5 a 50 %. 

2. Verre de couleur vert fonc§ selon la revendication 1 , qui a, pour une epaisseur de5 mm, un facteurde transmission 
de la lumiere visible (illuminant A) d'au plus 55 %, et un facteur de transmission du rayonnement solaire d'au plus 
50%. 

45 

3. Verre de couleur vert fonce selon la revendication 1 ou 2, quia, pour une epaisseur de 5 mm, un facteur de 
transmission de la lumiere d'une longueur d'onde de 370 nm, d'au plus 25 %. 

4. verre de couleur vert fonce selon la revendication 1 , qui comprend 1 00 parties en poids d'un composant forma nt 
so matrice construe. d'un verre de silicate sodocalcique et, en tant que composants colorants, de 0,7 a 1 ,0 partie en 

poids de fer total calcule en Fe 2 0 3 , plus de 1 ,0 a 3,6 parties en poids de titane total calcule eh Ti0 2 , de 0,01 a 
0,02 partie en poids.de CoO, de 0 a 0,0008 partie en poids de Se, de 0 a 0,02 partie en poids de chrome total 
calculi en Cr 2 0 3 , de 0 a 0,5 partie en poids de vanadium total calcule en V 2 0 5 et de 0 a 0,5 partie en poids de 
cerium total calculi en Ceb 2 , ou la proportion de fer ferreux calculi eh Fe 2 0 3 dans le fer total calculi en Fe 2 0 3 
55 est de 25 a 50%. 

5. Verre de couleur vert fonce selon la r vendication 4, quia, pour une Epaisseur de 5 mm.'un facteur de transmission 
de la lumiere visible (illuminant A) de 25 a 40 % et un facteur de transmission du rayonnement solaire de 1 0 a 30 %. 
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6. V rr de.couj ur vert'fonc6 selon la r vendication 1 , qui comprend 100 parties en poids d'un composant forfnant 
matric constitue d'un verr d ' silicate sodocatcique et, en tant qu composants colorants, de 1,0 a 2,0 parti s 
en poids de f r total calcule n Fe 2 0 3 , plus de 1 ,0 a 3,0 parties en poids d titane total calcule en Ti0 2 , de 0,01 
a 0,02 partie n poids d CoO, de 0 a 0,0008 parti e en poids de Se, de 0 a 0,02 partie en poids de chrom total 

5 calcule n Cr 2 0 3 , de 0 a 0,5 partie en poids de vanadium total calculi en V 2 0 5 et de 0 a 0,5 partie en poids de 

cerium total calculi en Ce0 2 , ou la proportion de fer ferreux calculi en Fe 2 0 3 dans le fer total calcule" en Fe 2 0 3 
est'de 15 a 40 

7. Verre de couleur vert fonce* selon la revendicatiori 1 fqui comprend 1 00 parties en poids d'un composant formant 
10 matrice constitue d'un Verre de silicate sodocalcique et, en tant que" composants colorants, de 1 ,0 a 2,0 parties 

en poids de fer total calcule en Fe 2 0 3 , plus de 1 ,0 a 3,0 parties en poids de titane total calcule en Ti0 2 , de 0,01 
a 0,02 partie en poids de CoO, de 0,0002 a 0,0008 partie en poids de Se, de 0 a 0,02 partie en poids de chrome 
total calcule.en Cr 2 6 3 , de 0 k 0,5'partie eri poids de vanadium total calculi en V 2 b 5 et de 0 a 0,5 partie en poids 
de cerium total calcule en Ceb 2 , oD la proportion de fer'ferreux calcule en Fe 2 0 3 dans le fer total calcule" en Fe 2 0 3 
15 estde15a40%. 

8. Verre de couleur vert, f once selon la revendication 6 ou 7, qui a, pour une epaisseur de 5 mm, un facteur de 
transmission de la lumiere visible (illuminant A) d'au plus 40 %, et un facteur de transmission du rayonnement 
solaire d'au plus 30 %. 

20 

9. Verre de couleur vert fonce selon la revendication 1 , qui comprend 1 00 parties en poids d'un composant formant 
matrice constitue de verre de silicate sodocalcique et, en tant que composants colorants, de 0,7 a 1,0 partie en 
poids de fer total calcule en Fe 2 0 3 , plus de 1 ,0 a 3,0 parties en poids de titane total calcule en Ti0 2 , de 0,01 a 
0,02 partie en poids de CoO, de 0 a 0,0008 partie en poids de Se, de 0,02 a 0,05 partie en poids de chrome total 

25 calcule" en Cr 2 0 3 , de 0 a 0,5 partie en poids de vanadium total calcule en V 2 0 5 et de 0 a 0,5 partie en poids de 

cdrium total calcule en Ce0 2 , ou la proportion de fer ferreux calcul6 en Fe 2 0 3 dans le fer total calcul§ en Fe 2 0 3 
est de 25 k 50 %, 

10. Verre de couleur vert fonc6 selon la revendication 9, qui a.pourune 6paisseurde5mm, un facteur de transmission 
30 de la lumiere visible (illuminant A) d'au plus 35 % et un facteur de transmission du rayonnement solaire d'au plus 

15%. 

11. Verre de couleur vert fonce selon la revendication 1, qui comprend 100 parties en poids d'un composant formant 
matrice constitue de verre de silicate sodocalcique et, en tant que composants colorants, de 0,5 a 1 ,0 partie en 

35 poids de fer total calcule eri Fe 2 6 3 , plus de 1 ,0 a 3,0 parties en poids de titane total calcul6 en Ti0 2 , de 0,003 a 

0,015 partie en poids de CoO, de 0 a 0,0008 partie en poids de Se, de 0 a 0,02 partie en poids de chrome total 
calcule en Cr 2 0 3 , de 0 a 0,5 partie en poids de vanadium total calcule en V 2 0 5 et de 0 a 0,5 partie en poids de 
cerium total calcule" en CeQ 2 , ou la proportion de fer ferreux calcule en Fe 2 0 3 dans le fer total calculi en Fe 2 0 3 
est de 25 a 50%. v 

40 

12. Verre de couleur vert fonc6 selon la revendication 1 1 , qui a, pour une epaisseur de 5 mm, un facteur de transmission 
de la lumiere visible (illuminant 

A) superieur a 40 % et non sup^rieur a 55 %, et un facteur de transmission du rayonnement solaire de 20 a 50 %. 

45 13. Verre de couleur vert fonc§ selon I'une quelconque des revendications 1 a 12, dans lequel le verre de silicate 
sodocalcique comprend, en % en poids, de 65 a 75 % de Si0 2 ,de 0,1 a 5,0 % d'AI 2 0 3 , de 1 0 a 1 8 % de N^O+KgO, 
de 5 a 15 % de CaO, de 0 a 6 % de MgO et de 0,05 a 1 ,0 % de S0 3 . 

14. Verre de couleur vert fonce' selon I'une quelconque des revendications 1 a 1 3, qui a, pour une epaisseur de 5 mm, 
so urie longueur d'onde dominante, telle que mesur6e par utilisation de I'illuminant C, de 480 a 560 nm. 

15. Verre de couleur vert fonc£ selon I'une quelconque des revendications 1 a 14, dans lequel le rapport obtenu par 
division du facteur de transmission de la fumiere visible (illuminant A) par le facteurde transmission du rayonnement 
solaire, est d'au moins 1,3. , . ^ 

55 

16. Verre de couleur vert fonc6 selon Tune quelconque des revendications 1 a 15, qui ne contient pour ainsi dire pas 
de ' Nj0< ' " v:fV'.&.'.,vv.M! ^, • .■ 
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17. Verre de couleur vert fonc§ selon Tun quelconque des revendications 1 a 16, qui estproduit par un proced6 de 
flottation. ■ i 
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